A new concept of fertilizer machine is under development and shows as differential individually fertilizer application, that is sources of N, P and K are applied separately for the purpose of improving the distribution efficiency of the quantities applied. The aim was to compare the quality of the individualized mechanized distribution of N, P and K in combined operations with and without herbicide application, as well as to evaluate the fertilizer application on each side of the fertilizer machine. The experiment was carried out on Cascavel farm, in the municipality of Matão-SP. The experimental design was established according to the criteria of quality control, and variables monitoring carried out in the place during fertilization operation, having the fertilizer distribution operation; simultaneous operation of fertilizer distribution and herbicide application treatments; and two simple operations, fertilizer distribution followed by herbicide application. We concluded that the better operational quality was in two distinct operations. The right side of the fertilizer had the best result because it applied the amount close to the regulated dosage. The distribution of potassium chloride expressed in the control charts greater operational quality compared to other fertilizers.
INTRODUCTION
The agricultural mechanization of sugarcane showed several changes since the 1990s, due to the establishment of recent technologies in both planting and harvesting through georeferencing (Torquato, 2013) . Thus, with the expansion of crop cultivation areas, mechanized fertilization proves to be fundamental for the operational performance increase.
As for fertilization, it is directly related to productivity, since dosages of fertilizers applied appropriately, according to the result of the soil analysis, giving the plant satisfactory development, benefiting the expected productivity. Therefore, most crops require one or more cover fertilization due to the nutritional requirements of each one. During the fertilizers application, inadequate fertilizer distribution can occur through agricultural equipment, due to the lack of precision in the dosing or distributor mechanism; lack of knowledge of the fertilizer characterization; among others, so this inadequate distribution can affect productivity (Baio et al., 2012) .
Excess of fertilizer application can cause environmental impact and increases expense, but the deficit causes less plant development, as well as reduces productivity (Milan & Gadanha, 1996; Motomiya et al., 2009) .
Nitrogen fertilization in the crop is well studied, because the application in excess of this nutrient can cause environmental impact and losses by leaching, as well as volatilization. Thus, researchers attempting to minimize these deficiencies used remote sensing through precision agriculture, aiming at the appropriate distribution with greater accuracy according to the recommended dosage (Molin et al., 2010) .
Mechanical fertilization may present some problems during fertilizer distribution, such as fluidity, segregation, bead size, angle of rest, among others. According to Molin et al. (2009) , there are still few studies at national level on the particularity of segregation, both in fertilizer machines and in research on the quality of fertilizers.
The aim of this study was to compare the quality indicators of the mechanized and individualized distribution of N, P and K in the combined operations, with and without herbicide application, as well as the application of fertilizers in relation to the sides of the fertilizer.
MATERIAL AND METHODS
The experiment was developed in the city of Matão, state of São Paulo, Brazil. The experimental cultivation area of sugarcane belongs to the Cascavel farm, has 1.66 ha and is situated in the geographical coordinates: Latitude 21º35'55.03"S and longitude 48º25'21.12"W with an altitude of 589 m and a seven year history of cultivation.
The climate was classified as Aw according to the classification of Köppen and average annual rainfall of 1400 mm. The soil of the area was classified as Dystrophic Yellow Latosol (Oxisols) (Embrapa, 2013) , sand/medium texture and average with slope of approximately 2%.
The planted cultivar was RB 86 7515, cultivated since 2008 and harvested in the sixth cut on August 21 st , 2014. Approximately 60 days after the harvest, individualized mechanized fertilization was carried out.
To carry out the fertilization, a tractor-fertilizer set was used, in which the tractor had the following specifications: John Deere brand, 6145J model, 107 kW of engine power at rated speed, capacity of 300 L in fuel tank and PowerQuad 16x16 transmission, 4x2 FWD traction, 1.80 m gauge and 18.4-26 front tires and 24.5-32 rear. During the operations, the 2 nd gear was used, with rotation of 1800 rpm in the engine and average speed of 5.7 km h -1 .
The prototype of the fertilizer-formulator for sugarcane line, CAMB-AP model is being developed by the Baldan Agricultural Machinery and Implements Company (Figure 1 ). The purpose of the equipment is to apply nitrogen, phosphorus and potassium sources in an individualized way and is composed of: helical dosing mechanism, three individual reservoirs with a capacity of 1000 kg of each fertilizer, 12 tubes for conducting the fertilizers, a rod to mobilize the soil, with a tip width of 76.20 mm and a distance between rods of 1.5 m, cutout disks of 18 and 11 inches, spaced at 863.60 mm for incorporation of fertilizers into the soil, 22-inch diameter cutting disks for haystack and 0.75 m between disks, and a bar for spraying pesticides. The regulation of the fertilizer was established based on the quantities of fertilizers applied in the property, being: 434 kg ha -1 of protected urea (45% of N), 153 kg ha -1 of MAP (45% of P2O5 and 11% of N) and 283 kg ha -1 of KCl (60% of K2O).
As a quality indicator, the efficiency of fertilizer distribution was used, evaluating the amount of fertilizer applied, being the treatments T1 -fertilizer distribution operation; T2 -simultaneous operation of fertilizer distribution and herbicide application; and T3 -two simple operations, distribution of fertilizer followed by herbicide application. Therefore, the herbicide was not evaluated, because the focus of the study was to identify the best individualized distribution of fertilizers in function of the operations, as well as the side of the fertilizer. For this, the collection of each fertilizer at the outputs of the conductive tubes of the machine on the left and right sides was made; the material was packed in plastic bags and later weighed. The collection (or samples) points had the distance of 30 m between them. In total there were 30 collection points for each fertilizer, totaling 90 sampling points.
The design was established according to the criteria of the quality control (Montgomery, 2009) , and the monitoring of the variables carried out in the space during the fertilization operation.
Descriptive analysis was carried out using measurements of central tendency (average and median), position (standard deviation, amplitude, minimum and maximum), dispersion (coefficient of variation) and measures of distribution pattern (asymmetry and kurtosis coefficients). The normality of the distributions was made through the Ryan-Joiner normality test, due to the number of sampling points being greater than 25.
Statistical process control (SPC) was also used to compare the quality of operations through the individualized distribution of fertilizers. Individual and Moving Range control charts were generated containing the upper and lower control limits (calculated in function of average plus or minus three times the standard deviation), average and amplitude.
Specific limits were added in the charts, these limits are not calculated and are established based on the range considered acceptable to meet certain operation. In the case, the amount of fertilizer regulated to be applied by the fertilizer was established as acceptable ± 20%. The academic technical team in partnership with the producer stipulated these limits (Table 1) . 
RESULTS AND DISCUSSION

Descriptive statistics on the Urea distribution
The descriptive statistical analysis of the protected urea distribution is shown in showed close values, however, the highest dispersion observed in the standard deviation was the treatment with fertilizer distribution.
In Table 2 , the average values were relatively close to the median values for all treatments, indicating symmetry of frequency distribution. Regarding the coefficient of variation (CV), both the combined operation and the two operations had average CV ranging from 10.59% to 13.29%, however only the fertilization operation obtained CV of 20.48%, being high, according to the classification of Gomes & Garcia (2002) . A : asymmetric distribution with p <0.05.* Averages followed by the same letter do not have statistical difference, at the 5% probability level, by the Tukey test.
T1 -fertilizer distribution only; T2 -simultaneous operation of fertilizer distribution and herbicide application; and T3 -two simple operations, distribution of fertilizer followed by herbicide application.
The coefficient of variation serves as a quality parameter for the experiments, so that the field work has the notes, being: less than or equal to 10% (CV is low); between 10 and 20% (average CV); 20 to 30% (high CV); and above 30% (CV is very high). Thus, for experiments carried out in the laboratory, they usually have low CV, because in this place some factors can be controlled, such as temperature, luminosity, humidity among others, while in field work these factors interfere (Gomes & Garcia, 2002) .
In addition to the data found, according to Bonotto (2012) for the longitudinal distribution of fertilizer, there is still no acceptable limit for the coefficient of variation. The asymmetric coefficient (Cs) for the treatments on the left side of the combined operation and in only fertilization showed positive asymmetric distribution (Cs> 0), respectively, with small and moderate intensity, but the right side of these treatments showed a negative asymmetric distribution (Cs<0) with an intensity of moderate asymmetry (0.15<|Cs|>1) and high (|Cs|>1). In the treatment of two operations, it showed asymmetric negative distribution (Cs <0) with the high degree of asymmetry (|Cs|> 1).
Regarding the coefficients of kurtosis (Ck) in the combined operation treatments on the right side, both right side and left side of the operations with only fertilization and two operations showed leptokurtic distribution (Ck> 0), showing more concentrated data with a curve more elongated vertically, however, the left side of the combined operation demonstrated platykurtic distribution (Ck <0). Noronha et al. (2011) also obtained these results by descriptive analysis, and the asymmetric coefficients showed positive and negative asymmetric distributions, but in the kurtosis coefficient, values were close to 0. According to this author, the asymmetry and kurtosis coefficients served as parameters to verify the distribution of the data, and, in addition, they allow the verification of the normality or not of the variables.
The values of the average, median, standard deviation of this study were higher in relation to the study of Suguisawa (2004) evaluating the cover fertilization in wheat, but the asymmetry coefficient observed in this study was smaller compared to the data obtained by the mentioned author.
When compared to the results found by Zerbato et al. (2014) in peanut crop and Albiero et al. (2012) in the longitudinal distribution of seeds, the data were non-normal by the Anderson-Darling normality test. Zerbato et al. (2014) report that the values of the kurtosis and asymmetry coefficients were greater than 0, and the asymmetry coefficient (Cs) showed positive asymmetric distribution (Cs> 0) and high asymmetry intensity (|Cs|> 1), while the kurtosis coefficient (Ck) had leptokurtic distribution with an elongated curve and with more agglomerated data.
Ryan-Joiner normality tests, at the 5% level, only on the left side of the combined operation were normal, however on the other sides and treatments obtained non-normality (Table 2) . Noronha et al. (2011) , analyzing mechanized sugarcane harvest, have found abnormality in some variables by the normality test, so that hypothesis tests, such as Shapiro-Wilk or Ryan-Joiner, Anderson-Darling, and Kolmogorov-Smirnov severely analyze the normality of the variables, and, in most cases, these tests reject the normality hypothesis.
In the control chart of individual values ( Figure 2a ) and Moving Range (Figure 2b ) of the protected urea distribution, there was lower variability in the treatment with two operations, in which it presented a point out of control on both sides, however the greater variability observed was the treatment with fertilizer distribution operation, in addition, in these treatments, points outside the control limits were observed, leaving the process with instability, being caused by special causes, probably due to inadequate regulation, embedding, fertilization without the use of the automatic pilot, among others.
Thus, the greater the number of points outside the control being induced by special causes, the lower the operational quality, since quality is inversely proportional to variability.
The points that went out of control left the process with greater instability, that is, reducing operational quality. The control chart evaluated the operation quality through the variability of the values, thus, it can be said that the quality is inversely proportional to the variability, the higher the quality is, the lower the variability will be. T1 -fertilizer distribution operation; T2 -simultaneous operation of fertilizer distribution and herbicide application; and T3 -two simple operations, distribution of fertilizer followed by herbicide application.
As for the specific limits of the individual value charts, all treatments showed points out of control on the left and right sides, respectively, 5, 4, 2, 7, 1 and 3 (Figure 2a ). In the Moving Range control chart (Figure 2b ), in the three operations on both sides of the fertilizer, the majority of the values were below the acceptable margin (347 kg ha -1 ), observing no point between these limits.
When the points out of control are found in the process, it is recommended to solve the problem faster, trying to minimize the performance of special causes through monitoring, aiming to increase operational quality. Bonotto et al. (2013) compared the performance of five fertilizer dosing mechanisms (helical metering, fluted roller and star disc) of in-line seeder and observed variations in the dosage applied by these dosing as a function of the longitudinal distribution, in a way that the fertilization carried out by seeder can be uneven during fertilizer distribution, even if the machine is in level.
As was seen by Motomiya et al. (2014) , due to the increasing cost of nitrogen fertilizers and high losses, it is fundamental to use practices that increase the efficiency of the use of this fertilizer by plants as well as the reduction of environmental impact.
Fertilizer analysis
All fertilizers were applied in doses higher than those regulated in the fertilizer, with protected urea (N) being applied in a larger quantity compared to MAP (P) and potassium chloride (K), so it was the first nutrient to end in the fertilizer reservoir.
For the protected urea, greater variability was observed in the data in relation to the MAP and potassium chloride (Tables 1, 2 and 3) , because the protected urea had a lower angle of rest, corresponding to a greater fluidity in the distribution of this urea by the fertilizer, and it had a lower density, occupying more space in the fertilizer reservoir than the other fertilizers analyzed, so urea was deposited in greater proportion on the soil. This shows that the type of fertilizer applied can also influence the performance of fertilizers, among several factors (Silveira, 1989) .
At certain points during the experiment, there were embeddings in the cutout disks with the sugarcane straw, resulting in lower tractor speed, skating, greater force required by the tractor, providing greater fuel consumption and oil flow of the agricultural equipment, a fact that may have influenced the greater distribution of protected urea. In addition, this fertilizer has the lowest angle of rest compared to MAP and potassium chloride, demonstrating greater easiness and better distribution of fertilizers, because the lower this angle is the greater will be the fertilizer flow in the dosing mechanism of the fertilizer. Reynaldo (2013) tested several types of augers manufactured in Brazil, being the most used in seeder-fertilizer. According to the author, these dosing mechanisms demonstrated inefficiency in the distribution of fertilizers in longitudinal slope, mainly at 5 and 15° with base on the axis of rotation of this mechanism.
Probably one of the main special causes was found in the dosing mechanism because it does not have precision in the distribution of fertilizers.
The augers with a thread pitch lower than 2" expressed a high variation in the distribution of fertilizers, such as PLASA 1 (12.4%) and SEMAN 1 (26.1%), in relation to the dosing mechanisms with thread pitch higher than 2", the values were lower as PROT 2 about 10.4% (Reynaldo, 2013) .Thus, the author verified that the size of the thread pitch of the helical thread can influence the distribution of fertilizers. Suguisawa (2004) also found a similar result, in a study in which the operational quality of the fertilizer distribution was evaluated, so in the control charts both individual values and Moving Range showed points out of control, causing inconstancy in the process, with unevenness in the application of urea, influencing the quality and quantity of wheat grains produced, so that the applied dosage of fertilizer is directly related to the desired productivity.
Descriptive statistics on the MAP distribution
In the descriptive analysis of the MAP distribution with two operations, the lowest average was obtained, however the highest average was in the combined operation, so that the treatment with only fertilization expressed an average relatively close to the recommended dosage, and the median values were close the average. In relation to the standard deviation of the treatment with only fertilization showed a greater dispersion, with a greater deviation, but the combined operation had the smaller deviation, obtaining more concentrated data, so the CV of the operation with only fertilization (29.03%) was higher than the other treatments, due to the variability of the data (Table  3) . Ck: coefficient of kurtosis; RJ: Ryan-Joiner Normality Test; P: probability value using the Ryan-Joiner test; A : asymmetry distribution with p<0.05. * Averages followed by the same letter do not have statistical difference, at the 5% probability level, by the Tukey test.
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According to the results obtained by Chioderoli et al. (Ck<0) verified by the normality test, normal distribution only in the fuel consumption and engine power variables, showing leptokurtic distribution (Ck>0) in the kurtosis coefficient, but the asymmetry coefficient was negative asymmetric (Cs<0), varying from moderate to high the degree of asymmetry.
Souza (2005) also obtained results similar to the study, when analyzing the distance of the seed deposition between the fertilizer during corn sowing, showing data with tendency to nonnormality and leptokurtic distribution due to the values being close to the average, in which it was verified that this indicator was not regular in the operation.
Thus, the normality test by Ryan-Joiner, at the 5% level, verified normality between the treatments of mechanized fertilization on the left side and two operations, observing that the coefficients of asymmetry and kurtosis had values close to zero, in contrast to the combined operation and the right side of the treatment with only fertilization obtained an abnormality, verifying that the values of these coefficients were far from zero (Table 3 ). In addition to this information, other relevant measures to obtain normal distribution as the average equal to 0 and constant variability of the data. Reis et al. (2015) monitoring the damage caused in the sugarcane ratoon after the mechanized harvest, also obtained the same result by the normality test with normal and asymmetric distributions.
For the control chart, analyzing the MAP distribution both the individual values (Figure 3a ) and the Moving Range (Figure 3b ), in the treatment with two operations, showed less variability with only natural processes acting as inherent in the process, and the process was stable because all the points were within the limits of control, while the operation with only fertilization showed greater variability without any point out of control.
The out of control points verified in the combined operation were occasioned, for some special cause, possibly due to the deficiency in the precision of the dosing mechanism, inadequate regulation in the distribution of fertilizer; embedding altering the distribution and load, among other possible factors. Ferreira et al. (2010) evaluated the performance of two types of fertilizer helical metering mechanisms as a function of the leveling and rotation of the dosing drive shaft. The authors verified that about 65.1% of the models of seeders-fertilizers available in Brazil are commercialized with the option of the helicoidal dosing mechanism, even with its performance still little known . 30  25  20  15  10  5  1  30  25  20  15  10  5  1  30  25  20  15  10  5  1  30  25  20  15  10  5  1  30  25  20  15  10  5  1  30  25  20  15 T1 -fertilizer distribution only; T2 -simultaneous operation of fertilizer distribution and herbicide application; and T3 -two simple operations, distribution of fertilizer followed by herbicide application.
The points outside the specific control limits (SCL) of the charts of the individual values of the fertilization treatments, combined operation and two operations for the right and left sides, were respectively, 9, 10, 11, 12, 14 and 12 (Figure 3a) . In the Moving Range (Figure 3b ) the fertilization treatments, combined operation and two operations on the left and right sides showed, respectively, 2, 0, 2, 1, 1 and 1 within the SCL (Specific Control Limit), the others were below, probably one of the possible causes of occurrence was the error in regulation.
The MAP control charts of individual values, treatments with only fertilization and two operations obtained stable processes (Figure 3a) , without special causes, only from natural causes, but in the Moving Range these treatments had points out of control (Figure 3b ). Thus, it showed a satisfactory result in the analysis of the other fertilizers that have points out of control, but the potassium chloride obtained a lower variability, consequently a higher quality of the operation, despite some points out of control, and it demonstrated a greater angle of rest in relation to the analyzed fertilizers. Milan & Fernandes (2002) also applied the statistical process control in soil preparation operations and verified lower data variability by controlling process charts and histograms, being close to the Specific Control Limits. These authors emphasized how significant and relevant was the use of statistical process control in soil preparation, facilitating the monitoring of operational quality.
Descriptive Statistics of Potassium Chloride Distribution
The descriptive analysis of potassium chloride, the highest average found was in the combined operation, but with two operations obtained the lowest average, as for the median values, they were close to the average. The operation with fertilizer distribution obtained the highest standard deviation, expressing high dispersion of the data in relation to the other treatments, therefore, the CV of this treatment was higher when compared to the others, due to the variability of the data (Table 4) . T1 -fertilizer distribution only; T2 -simultaneous operation of fertilizer distribution and herbicide application; and T3 -two simple operations, distribution of fertilizer followed by herbicide application.
The coefficients of asymmetry (Cs) for the three treatments showed a positive asymmetric distribution (Cs>0), with a moderate degree of asymmetry (0.15<|Cs|<1), small (0.15<|Cs|) and high (|Cs>1).The coefficient of kurtosis (Ck) in the treatments of combined operations and only fertilization on the left side showed a platykurtic distribution (Ck<0) with scattered data, obtaining a flat curve, despite the other treatments obtained leptokurtic distribution (Ck>0) with more clustered data, forming an elongated curve.
According to the normality test, through Ryan-Joiner, at 5% level, the combined operations and the left side of the mechanized fertilization had normality, while two operations and the right side of the mechanized fertilization treatment operation expressed asymmetric distribution. Thus, in the treatments of combined operations and left side of the mechanized fertilization, the coefficients of asymmetry and kurtosis were close to 0, showing normal distribution, however with two operations and the right side of the fertilization operation showed higher values, rebounding with an asymmetric distribution, obtaining more dispersed values. Silva et al. (2013) , also found that some of the analyzed variables had normal distribution by the normality test, so the same showed in the descriptive analysis median values close to the average; the standard deviation with low value; the Cs had a positive asymmetric distribution (Cs>0) and small (|Cs|<0.15), the Ck showed leptokurtic distribution (Ck>0), that is, more concentrated and platykurtic data (Ck<0) with concentrated values. These authors also cited the variables with positive asymmetric distribution (Cs>0) and high (|Cs|>1), as a consequence, the average value was far from the median and the total amplitude with high variability. Zerbato et al. (2014) determined in in the evaluation of peanut crop losses, for the variables fuel consumption, time and actual consumption through the normal distribution test with AndersonDarling, but the other parameters had asymmetric distribution, being displacement speed and effective field capacity. Cassia et al. (2013) , analyzing the operational quality of coffee harvest and crop damage, also obtained a normal and non-normal distribution by the normality test. Suguisawa et al. (2007) also obtained a positive asymmetry distribution for the density parameter of droplets through the application of herbicide and the values did not show tendency to normality.
The control chart showed that the individual values (Figure 4a ) and the Moving Range (Figure 4b ) of potassium chloride showed less variability in the treatment of combined operation, making operational quality better with the process under control and with no special causes because there was no point out of control, and also expressed normal distribution by the normality test, however the treatment with fertilizer distribution operation had greater variability and lower quality due to variability. In addition, the cause and effect diagram can explain points out of control.
In relation to the specific control limits of individual values (Figure 4a ), mechanized fertilization, combined operation and two operations corresponded to the left and right sides, respectively, 3, 3, 2, 4, 8 and 3 data that were left out of the specific limits. As for the Moving Range (Figure 4b ), no point was within the stipulated range, there probably could have been an error in the regulation.
The potassium chloride showed greater uniformity and lower variability in the control charts, demonstrating higher operational quality than protected urea and MAP. T1 -fertilizer distribution only; T2 -simultaneous operation of fertilizer distribution and herbicide application; and T3 -two simple operations, distribution of fertilizer followed by herbicide application.
Points out of control (UCL and LCL) in process charts were likewise found by Silva et al. (2008) , in the mechanized harvesting of sugarcane, evaluating the losses of the same, where it was verified the instability of the process, reducing the operational quality. Silva et al. (2014) analyzed the operational quality in the mechanized transplanting of coffee seedlings and observed that the error parameters of alignment, speed and skating, contained in the same operation of the transplanting of seedlings and reduced soil preparation, expressed asymmetric distribution by the normality test of Anderson-Darling.
CONCLUSIONS
The distribution of fertilizers with two different operations showed the best operating quality with lower variability.
As for the side of the fertilizer, the right applied quantities closer to the regulated dosage.
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